ABSTRACT: Thermocycling simulates, in vitro, thermal changes that occur in the oral cavity. The aim of this study was to evaluate the influence of the number of cycles on microleakage. Class V cavities (1.5 mm deep, 3 mm in height and 3 mm in width) were prepared in bovine teeth, restored with a Single Bond/Z250 restorative system (3M/ESPE) and then divided into five groups of ten teeth each: group 1 was not thermocycled (control group), and groups 2, 3, 4 and 5 were thermocycled 500, 1,000, 2,500 and 5,000 times, respectively (5º-55º ± 2ºC, 15 s dwell time). The teeth were immersed in 0.5% basic fuchsin aqueous solution for 24 h, sectioned and the sections with the highest degree of microleakage were selected, scanned and the extent of dye penetration was measured by the ImageTool program. The results submitted to one-way ANOVA showed no significant differences between the groups (p > 0.05). The averages of microleakage values in millimeters were: group 1 (3.92); group 2 (3.13); group 3 (4.48); group 4 (4.33) and group 5 (3.42). Thus, it was concluded that there is no relation between the increase of the number of cycles and the increase in microleakage.
INTRODUCTION
The development of dental materials and operative techniques over the last few years and a better understanding of dentin substrate characteristics has provided a significant decrease in the marginal microleakage of restorations. However, resin composites present polymerization shrinkage and different linear coefficients of thermal expansion from the tooth. These factors affect the clinical performance of resin composite restorations by disrupting the adhesive interface, resulting in microleakage. Additionally, in the oral cavity the restorations are subjected to both thermal and mechanical stress that also contribute to the increase of marginal microleakage.
Microleakage tests are the most frequently used laboratory tests to study the mechanisms that may minimize, or eliminate, the leakage around dental restorations. Although the clinical relevance of the leakage tests does not always correlate precisely with the clinical situation, a microleakage test is a useful method in the investigation of resin composite restorations.
Thermocycling regimens may simulate more appropriately the clinical situation 21 . However, thermocycling in resin composite microleakage tests is very questionable 13, 15, 24 . The aim of this study was to evaluate the influence of thermocycles on the microleakage of resin composite restorations.
MATERIAL AND METHODS
Fifty bovine incisors with no structural defects were selected, debrided and stored in 10% thymol solution at 4º ± 2ºC until cavity preparations were carried out. The use of bovine teeth as a substitute for human teeth is a suitable alternative in microleakage studies 19 and have the advantage of being readily available 18, 19 , similar in age, and posing a lesser hazard for infection control 4 . Flat dentin surfaces were created by removing the enamel with 80-grit silicon carbide paper (Norton, Vinhedo, Brazil) under running water, so all the cavity margins were in dentin. In each tooth, 2 mm above the cementum-enamel junction, class V preparations (1.5 mm deep, 3 mm in height and 3 mm in width) were made on the buccal surface using a 245 carbide bur (KG Sorensen Ind. Com. Ltda., Barueri, SP, Brazil) at high speed and under water coolant. The cavity walls were finished by using hand instruments. All the preparations were made by the same operator.
Restorative procedures were similar for all the cavities: dentin walls were etched with 35% phosphoric acid gel (Scotchbond Etchant, 3M/ESPE, St. Paul, MN, USA) for 15 s and rinsed for 30 s. Excess water was blot-dried with a tissue paper leaving the surface visibly moist. An adhesive bond system (Single Bond, 3M/ESPE, St. Paul, MN, USA) was applied and dried with an air syringe for 10 s and light-cured for 10 s. The bonded surfaces were examined to ensure that they were shiny prior to light-activation. When a matte surface was observed, additional coats of adhesive were applied. Two diagonal increments of resin composite (Z250, 3M/ESPE, St. Paul, MN, USA) were placed and light-cured for 20 s each increment. All specimens were stored for 6 days in deionized water at 37ºC and then the restorations were finished and polished with Sof-Lex (3M-ESPE, St. Paul, MN, USA) sequential abrasive discs.
The teeth were randomly divided into 5 groups of 10 teeth each. Group 1 (control) was not thermocycled and was kept in deionized water at 37ºC.
The other groups were submitted to thermocycling in deionized water baths for 15 s, at 5º-55º ± 2ºC. Groups 2, 3, 4 and 5 were submitted to 500, 1,000, 2,500 and 5,000 cycles, respectively.
Thereafter, the external surfaces of each tooth were coated with nail varnish (Maybelline LLC, Dist., New York, NY, USA) leaving a 1 mm wide margin, around the restoration, free of varnish. Then, the teeth were immersed in deionized water for 12 h at 37ºC to prevent dehydration. After that, the samples were immersed in 0.5% basic fuchsin aqueous solution for 24 h and rinsed under running tap water for 24 h. The teeth were then embedded in epoxy resin (Redelease Ltda., São Paulo, SP, Brazil) and sectioned with a slow-speed water-cooled diamond saw in a section machine (Labcut 1010, Extec Corp., Enfield, CT, USA). Approximately 2 or 3 sections of 0.5 mm from each tooth were obtained, resulting in 4 to 6 surfaces for dye penetration analysis that were examined under a microscope at 100 X magnification to certify that the dye penetration came from the dentin/restoration interface. The most infiltrated sections were selected for dye penetration measurement in millimeters with a computer program (ImageTool, UTHSCSA, Texas, USA), providing quantitative and parametric analysis.
RESULTS
The data were analyzed by one-way ANOVA (a = 0.05). There was no significant difference between groups (p = 0.20). The mean values, in millimeters, of microleakage for each group are shown in Graph 1.
DISCUSSION
Adhesion of dental materials to enamel is a well-known reliable procedure. Bonding to dentin, however is somewhat more complex due to the complexity of the substrate 5 . Despite there being many different characteristics on dentin that hinder the mechanism of adhesion, gradual developments can be seen in the past decades, providing many benefits for dentistry. Nevertheless, microleakage along the tooth-restoration interface is still a problem observed in clinical and laboratory tests 1 . The disruption of the adhesive interface, which permits fluids and bacteria to enter, maybe be a consequence of many factors such as polymerization shrinkage and linear coefficient of thermal expansion, and can result in marginal discoloration of the restorations, development of recurrent caries and pulpal pathology 6, 23 . Microleakage studies are the most commom method of detecting the causes that result in bond failure along the tooth-restoration interface 25 . There are many methods for detecting marginal leakage and the organic dye method was choosen for this study because of its extensive use in the literature and its ease of use 1 . Therefore, 0.5% basic fuchsin aqueous solution was used for microleakage evaluation. After sectioning, specimens were observed through a microscope to certify that the dye penetration had come from the dentin/restoration interface and not from another dentin path*. Then, the most infiltrated specimen of each tooth was selected and its length was measured in millimeters by a computer program. This measurement in millimeters of the microleakage is considered more acceptable than the score assessment because it permits quantitative and parametric statistical analyses of data*.
Thermocycling is a widely acceptable method used in in vitro microleakage studies 9, 10, 12, 16, 22 although some researchers consider it a questionable method 13, 15, 24 . The question is about the validity and clinical significance of the thermocycling method, since the temperatures used to stress restorations may not be the real temperatures of cold and hot food/beverage tolerated by patients 27 . In the thermocycling method, specimens are submitted to thermal cycles that simulate the intraoral temperature. However, the literature shows that there is a wide range in temperature extremes, transfer times between baths and dwell times 1, 11, 23 . Thus, there is no standard for thermocycling methodology in microleakage studies, and this permits contradictory discussions and results in various laboratory studies. In some studies, the variables choosen are only restricted to the thermocycling method, and are not intended to understand the meaning of these effects 11 . Because of this, in the present study the temperature was standardized at 5ºC-55ºC ± 2ºC and the dwell time was 15 s. These variables seem to be tolerated by the oral tissues and are suitable for clinical conditions. Increases in the dwell times exceed real clinical conditions and may hide the thermal isolation characteristics of the resin composites 21 , leaving fatigue to this material. The number of cycles used in many studies also varies and seems to be selected by convenience 6 . In this study, an increased number of cycles were selected for evaluation to determine if there is a direct relation with the increase of microleakage along the tooth-restoration interface.
The linear coefficient of thermal expansion has been suggested as an important factor that influences microleakage 17 . It is defined as the change in length per unit length of a material when its temperature is raised or lowered 1ºC 2 . This factor is influenced by the presence and quantity of the inorganic fillers of resin composite. A great difference in the linear coefficient of thermal expansion between tooth and restorative material will alter the dimensions of the adhesive interface with temperature change 24 . Thus, for example, due to the high linear coefficient of thermal expansion, amalgam restorations (25´10 -6 per ºC) tend to shrink and expand much more than the dental structure does (dentin: 8.3´10
-6 per ºC; enamel: 11.4´10 -6 /ºC), similarly to what occurs to the resin composite restorations (14-50´10 -6 per ºC) 2 . However, while resin composite has a high linear coefficient of thermal expansion, it is an extremely good thermal insulator. This characteristic minimizes the influence of thermocycling on microleakage and makes the coefficient of thermal expansion time-dependent 21 , and is different from what happens to amalgam, which is a good thermal and electric conductor 2 .
The low thermal conductivity of resin composite suggests that a 15 s of dwell time is not sufficient to transfer the temperature through resin composite restoration to fatigue the adhesive interface and rupture it, increasing microleakage 23 . This was observed in the present study in all groups. Nevertheless, Crim et al. 10 (1985) related that microleakage extension seemed to be independent of the dwell time used, just because there were two experimental bath times (4 and 30 s) with no difference between them. Although, in a study by Schuckar, Geurtsen 22 (1997) thermocycling with a 30 s dwell time promoted an increase in microleakage, with great dye penetration along cavities localized at the cementum-enamel junction restored without dentin adhesive systems, and below this junction with or without dentin adhesive systems. In the group restored at the cementum-enamel junction and with adhesive systems there was no improvement in cervical marginal seal. These authors justify the increase of dye penetration due to the difference in the linear coefficient of thermal expansion between tooth and restorative material, leading to an adhesive failure at cervical margin. Meanwhile, these results can be questioned by the absence of dentin adhesive systems at dentin margins, when compared to others groups, which were localized at enamel margins and were restored with adhesive systems. Also, due to the possible polymerization shrinkage of the first resin composite increment toward enamel margins, which is well known as a substrate that provides reliable and stronger adhesion to enamel than to dentin 7, 26 . Another study showed a gradual increase in microleakage during the 4 months of the thermocycling test 14 . However, the dwell times used were 2 minutes and, possibly, the dye penetration may have occured due to degradation of the adhesive interface in this period of time, and not due exclusively to the increase of thermal cycles.
In the present study, microleakage observed did not increase with an increase in the number of thermocycles. The control group (3.92) showed more microleakage than did group 2 (3.13) and group 5 (3.42), and group 3 (4.84) leaked more than group 4 (4.33). A possible explanation for these results is that the polymerization shrinkage was responsible for the microleakage values, in addition to the difficulty in forming an adequate hybrid layer in dentin, since it is considered unpredictable 28 . Other factors such as polymerization shrinkage, hygroscopic expansion, adhesive strength, linear coefficient of thermal expansion 6 , elastic modulus and thermal difusibility 23 , and a suitable hybrid layer have been also associated to the marginal seal of resin composite restorations. These aspects require further studies to improve the understanding of microleakage.
Various microleakage studies that compared thermocycled and non-thermocycled groups 3, 6, 21, 27, 28 and also the different numbers of cycles 8, 25 observed no statistically significant difference. These results suggest that the thermocycling method does not influence the microleakage of resin composite restorations. Thus, this laboratorial method is not a suitable test to simulate the real significance of temperature changes in clinical conditions. However, in some studies 9, 10, 12, 16, 22 there were significant differences in marginal microleakage of resin composite restorations between thermocycled and non-thermocycled groups. Nevertheless, some authors suggest that the thermal cycling test per se does not influence microleakage of resin composite restorations. This is demonstated by the study of Rigsby et al. 20 (1992) , that showed that microleakage was significantly higher along cementum margins stressed by both thermocycling and load cycling, different to what was observed when thermocycling and load cycling were compared alone.
The results of this research showed no statistically significant difference between experimental and control groups. No evident relation between an increased number of cycles and microleakage of resin composite restorations was observed.
CONCLUSIONS
Based on the analysed data, it can be concluded that there is no direct relation between the use of the thermocycling test and an increase of microleakage of resin composite restorations. The number of thermocycles did not increase microleakage.
